Abstract
INTRODUCTION
Laparoscopy has revolutionized abdominal surgery. Although there were concerns regarding oncologic safety in colorectal cancer (CRC), the COST, COLOR and CLASSIC trials have demonstrated the efficacy and safety of minimally invasive colectomy in patients with CRC [1] [2] [3] . A subsequent meta-analysis has also shown a decrease in the overall morbidity with similar mortality for laparoscopic colectomy [4] . For non-oncologic resections, similar results have been reported. Retrospective studies evaluating elective colectomy for diverticulosis and randomized trials such as the SIGMA have reported a significant reduction in postoperative morbidity with a minimally invasive approach [5, 6] .
Unfortunately, clinical trials in laparoscopic surgery have underrepresented the elderly and fail to account for frailty [7, 8] . Most investigators define frailty as a decrease in physiological reserve of multiple organ systems with identifiable altered physical function beyond what is expected for normal aging [9, 10] . The use of laparoscopic surgery in the medically unfit patient has been questioned due to concerns over prolonged operative times, increased the technical challenge, increased pneumoperitoneum-related physiologic demands, and patient positioning [11, 12] . Indeed significant controversy exist regarding minimally invasive abdominal surgery in elderly patients as some studies have reported increased risk of complications [13] , whereas, others have presented laparoscopic surgery to be a safe procedure even in the elderly [14, 15] . Given this, it
remains debated whether open or laparoscopic colorectal surgery is indicated in elderly patients with a poor performance status. Little is understood regarding the impact of frailty on outcomes after colorectal surgery. It is unclear whether the increasingly technical and physiologic demands of laparoscopic surgery outweigh the benefits of a minimally invasive approach. The purpose of this study was to determine whether laparoscopic surgery remains superior to open intervention in the frail.
MATERIALS AND METHODS

Data source
Data from American College of Surgeons National Surgical Quality (ACS-NSQIP) Improvement Program Participant Use Files, which is a nationwide dataset containing data entered by trained clinical reviewers, for the period of 2005 to 2012 were used in this study. The dataset includes pre-operative risk factors, laboratory values, intraoperative data, and postoperative morbidity and mortality. However, these data have not been verified, and the ACS-NSQIP administration is not responsible for the statistical validity of the data analysis or the conclusions derived in this study. The Health Sciences Institutional Review Board of East Carolina University approved the study protocol.
Patient selection
This study focused on patients who underwent colorectal resection. We used current procedural terminology codes to identify patients who underwent open and laparoscopic colorectal resection from 2005 to 2012.
Definition of frailty
We used the Modified Frailty Index as described by Farhat et al [16] . This index was chosen because it is based upon the validated frailty index the Canadian Study of Health and Aging frailty index (CSHA-FI), and was adapted for ACS-NSQIP. We included the following factors to derive an 11-point score: functional status and endocrine, respiratory, cardiovascular, and neurological disease. The patients were divided into four groups: non-frail (0), mildly frail (1), moderately frail (2), and severely frail (≥ 3).
End point: In this study, 30-d mortality and complications were used as the primary end point and analyzed for the overall population. Complications were grouped into major and minor, as previously reported [17] . Subset analysis was performed for patients undergoing colectomy (total colectomy, partial colectomy and sigmoid colectomy) and separately for patients undergoing rectal resection (abdominoperineal resection, low anterior resection, and proctocolectomy). There were significant differences in the ASA score between groups. In the open colectomy group, the majority of patients had an ASA 3 (48.3%), followed by ASA 2 (42.5%), ASA 4 (6.58%), ASA 1 (2.3%), and ASA 5 (0.13%). Comparatively, in the laparoscopic cohort, the majority of patients had an ASA 2 (57.7%), followed by ASA 3 (35.4%), ASA 4 (2.4%), ASA 1 (4.31%), and ASA 5 (0.01%) (p < 0.0001). The type of procedure was unevenly distributed between cohorts, with abdominal-perineal resections performed through an open approach in all patients and partial colectomies were commonly laparoscopic (open: 61.65% vs 69.82%). In the open colectomy group, the majority of patients were non-frail (42.5%), followed by mild frailty (37.44%), moderately frail (13.6%), and severely frail (6.48%). In the laparoscopic cohort, a majority of patients were also non-frail (48.16%), followed by mildly frail (37.69%), moderately frail (10.76%), and severely frail (3.4%) (p < 0.0001). Complications, prolonged LOS, and mortality were more common in patients undergoing an open intervention vs laparoscopic procedures (p < 0.0001) ( Table 1) .
Statistical analysis
RESULTS
Dataset characteristics
Mortality and frailty score
To clearly define the impact of frailty on surgical approach, univariate and multivariate analyses were performed for each frailty level; non-frail (0), mildly frail (1), moderately frail (2), and severely frail (> 3). The mortality rates were higher in the open colectomy cohort compared to the laparoscopic intervention. As frailty increases, the percentage mortality differences between open and laparoscopic interventions increased as well (non-frail: 0.86% open vs 0.17% laparoscopic, mildly frail: 2.26% vs 0.87%, moderately frail: 5.22% vs 1.78%, severely frail: 10.92% vs 5.13%) ( Table 2 (Table 2 ).
Complications and frailty score
As above, univariate and multivariate analyses were performed for each frailty level. Univariate analysis showed that non-frail patients were more likely to have complications if they were older, African American, male, or underwent an open surgery (p < 0.0001). Multivariate analysis showed that age, male gender, type of procedure, and open colectomy (OR = 2.07, 95%CI: 1.97-2.18, p < 0.00001) remained significant ( Table 3) . 
Colon vs rectal resection
Mortality and complication analyses were performed separately for rectal (low anterior resection, abdominalperineal resection, and proctocolectomy) and colon procedures (total, partial and sigmoid colectomy). The results were similar to those for the overall population with an increase of mortality and complication rates as frailty increases. In both analyses, mortality and complications were found to be significantly higher in open interventions compared to the laparoscopic approach.
DISCUSSION
Laparoscopic colon resection is superior to open intervention for patients with both benign and maligning conditions. However, there are some concerns regarding safety in patients with significant medical comorbidities due to longer operative times, physiologic changes secondary to pneumoperitoneum, and required operative positioning [11, 12] . To better understand the application of laparoscopic colorectal resection in the frail patients; we analyzed a large national database and found a significant increase in morbidity and mortality for open colectomy compared to laparoscopic colectomy. These findings were persistent regardless of the frailty status. As frailty increases, morbidity and mortality increase profoundly; however, the odds ratios were highest in the non-frail. The association between frailty and postoperative outcomes has been previously evaluated. In the last couple of years, investigators have noted an increased risk of postoperative morbidity, prolonged length of stay, and mortality in frail patients undergoing surgical interventions [18, 19] . Recent advances in understanding the complex concept of frailty may improve our capacity to evaluate better, risk stratify, and provide appropriated perioperative management for patients at risk [20] . Many questions regarding the impact of frailty in the surgical patients remain unanswered.
The impact of frailty on minimally invasive surgery has been evaluated in small retrospective case series. In patients undergoing laparoscopic cholecystectomy, Lasithiotakis et al [21] reported frail patients to have a higher incidence of complications and longer LOS when compared to the non-frail patients. Similarly, Revenig et al [22] evaluated 80 patients undergoing minimally invasive urologic, general surgery, and surgical oncology procedures and demonstrated an increased risk of postoperative complications in the frail population. However, to the best of our knowledge, the impact of frailty on minimally invasive colorectal resections compared to open surgery has not been reported.
In this series, we presented significantly increased mortality for open vs laparoscopic colectomy with increases in absolute mortality with frailty. As frailty increases, mortality also increases for all patients (Figure 1 ). Contrary to prior reports that laparoscopic surgery may be more dangerous in the medically unfit patients, our data suggest all patients derived significant benefits from this approach [12, 23] . Similar results have been presented for the elderly and high-risk patients. In a meta-analysis evaluating the impact of age on colonic resection lower mortality and morbidity in geriatric patients for laparoscopic vs open surgery was noted. The authors recommended not to "overstate the choice of open intervention if minimally invasive expertise are available" [24] . Feroci in 2013 evaluated the impact of laparoscopic colonic surgery in low-risk and high-risk patients. High-risk was defined by the age, ASA score, and the presence of comorbidities. They reported a lower mortality in high-risk patients undergoing minimally invasive intervention compared to open approach [25] . Surgical approach has a significant impact on mortality following colon resection. In this series, patients undergoing open colectomy were more likely to die compared to patients undergoing laparoscopic intervention (2.63% vs 0.77%, p < 0.0001). Similar but not statistically significant results were presented at the completion of the COLOR and COST trials. In these randomized studies, patients undergoing open intervention had a higher risk of death (1 and 2% vs < 1 and 1%) when compared to those approached laparoscopically. Although mortality was doubled in both cases, the results failed to reach statistical significance. This may be due to a small number of patients and lack of statistical power [1, 2] . More importantly, when comparing this study to the COST and COLOR trials, the ACS-NSQUIP patient population is less healthy with majority ASA 2-3 compared to ASA 1-2 in the randomized trial. Patients undergoing laparoscopic colon resection have significantly fewer complications compared to those undergoing open intervention (16.6% vs 30.98%, p < 0.0001). As reported for mortality, increased morbidity with an open operation is present throughout frailty scores; however, differences in outcomes between laparoscopic and open surgical approach are magnified by increased frailty ( Figure  2 ). Studies evaluating complications of open vs laparoscopic colon surgery have been reported in other complex population like the elderly. In this setting, the results are comparable to the ones obtained in our series. Li et al [26] , in a systematic review and metaanalysis of patients older than 80 years undergoing colonic resection, demonstrated the benefits of laparoscopic surgery such as decreased LOS and morbidity. Similarly, Seishima et al [27] reported lowered risk of morbidity and mortality in the geriatric patient undergoing laparoscopic colorectal surgery. Based on these data, the author recommended an "Aggressive application of laparoscopic surgery in the elderly population". This was also suggested by a randomized study comparing laparoscopic to open colonic surgery that included both young and elderly patients. The authors reported laparoscopy to improve postoperative outcomes more in the elderly than in the young patients, and advanced age was found to be associated with higher complications only in those patients who underwent open procedure [28] . While interpreting these data, clinicians must be mindful of the study limitations. First, ACS-NSQIP is a voluntary program, and the results may not be generalized to all hospitals. Second, the frailty score used in this study is a truncated retrospectively applied instrument that is similar to but not identical to the CSHA-FI. As a result, outcomes in this study may be dissimilar from those obtained from a validated prospectively applied measure of frailty. Lastly and more importantly, patient selection may play a significant role in outcome differences, as more complex patients (i.e., patients with a history of multiple abdominal surgeries) may be more likely to undergo open intervention this may skew our results for laparoscopic surgery.
In conclusion, laparoscopic surgery is superior to open surgery for patients undergoing colon resection regarding morbidity and mortality. The differences between both approaches are magnified by the increase in frailty. These data taken in context with the current surgical literature suggest that a laparoscopic approach to colorectal resection is preferred for all patients including the frail.
COMMENTS
Background
The role of laparoscopic colorectal surgery is controversial in frail patients. This study examines the benefits colorectal surgery across the spectrum of frailty.
Innovations and breakthroughs
In this study, the authors document that all patients benefit from a laparoscopic approach regardless of frailty.
Applications
These data can be applied to patients requiring laparoscopic colorectal surgery to help them understand risks and benefits.
Peer-review
This article has the aim to compare open colorectal surgery to laparoscopic colorectal surgery and analyse what effect frailty has on the outcome. This is a very important question today as most colorectal surgeons are dealing with the problem to decide if an old and frail patient should be operated or not.
